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Many vineyards all over the world can easily produce high potential alcohol levels, but the importance 
of the sugar content in berries has been changing over the past few years. The objective of this work was 
to reduce the sugar and pH of the grapes, delay berry ripening by decreasing the ratio between the leaf 
area and yield, perform an intense trimming treatment after berry set and establish the consequences for 
grapevine productivity in the following year. Severe shoot trimming was done over a three-year period 
(2010 to 2012). Phenological, vegetative and productive parameters were examined. The date of véraison 
was delayed by about 20 days. On the same harvesting date, the trim treatment had lower soluble solids 
(12% to 15 % reduction), lower pH (0.1 to 0.3) and a lower total anthocyanin content (10% reduction). The 
trim effect was also reflected in berry weight; as a consequence, bunch size and yield were also reduced by 
around 10%. If the trim treatment does not reduce the leaf area to fruit ratio below 0.50 m2/kg, there is no 
negative impact on vine capacity in the next year.
INTRODUCTION 
Many vineyards throughout the world produce high potential 
alcohol levels because viticultural techniques have always 
been designed to produce a higher ripeness. Climatic change 
has also increased the berry ripeness process naturally 
(Schultz & Jones, 2010) and, during the last few decades, 
berry ripeness has been developed earlier. Furthermore, 
harvesting is taking place later, just into the over-ripeness 
phase. This situation is the result of the strategic line 
followed by many wineries to obtain concentrated wines. 
This global trend is emerging all over the world, and means 
that wines are being made with a higher alcohol content and 
the pH also is higher each time. An important percentage of 
red wines are between 14 and 16 degrees alcohol, and their 
pH is approximately 4.
The disadvantages of a high alcohol level are difficulties 
in alcoholic and/or malolactic fermentation, wines with 
higher volatile acidities, and unbalanced wines, especially 
when the temperature at which they are served is high. 
Furthermore, some countries apply higher taxes when wines 
have a high level of alcohol, and consumers usually refuse 
wines with a high alcohol content. To tackle this situation, 
new technical solutions have been developed over the past 
few years in order to avoid the effects of climate change; 
these solutions are focused mainly on low-alcohol wines. 
According to viticultural strategies, the main objective 
consists of the production of well-balanced grapes of a good 
quality and with a lower concentration of soluble solids. 
In viticulture there are basically are three very different 
strategies for decreasing the alcohol level in wines: the 
location of the vineyard, the variety and management 
practices. This last strategy is the most interesting one 
because it could be developed in current vineyards without 
making any substitution of vineyards, as is the case in the 
first two options. Considering the physiological mechanism 
of the plant, there are different growing techniques that could 
delay berry ripening. These techniques should be considered 
in order to be applied to improve the adaptation of our 
vineyards and their ripening in a warmer climate.
Several studies have shown earlier stage of development 
in vine phenology during the last few years (Duchêne & 
Schneider, 2005; Jones et al., 2005). As a result, berry ripening 
is taking place during the warmer part of the ripening period 
(Webb et al., 2007, 2008). Although many studies have been 
done on several temperature indexes aimed at determining 
the most appropriate varietal profile for different viticultural 
areas (Kenny & Harrison, 1992; Schultz, 2000; Stock et al., 
2005), it is our opinion that grape-growing techniques have 
not been analysed well enough. One of the possibilities is 
the delay in berry ripeness taking place in cooler seasons 
(Stoll et al., 2009). In warm climates, grape varieties achieve 
sufficient levels of soluble solids to obtain high-quality wines, 
but the same is not achieved regarding the colour (Iland & 
Gago, 2002). Temperatures above 30°C after véraison could 
inhibit anthocyanin synthesis (Mori et al., 2007).
The research carried out on ecophysiological 
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characterisation all over the world over the last few years has 
led to the establishment of the leaf area to fruit ratio as one 
of the most important viticultural indexes to define a well-
balanced vineyard that could produce high-quality grapes 
and wines. The leaf area to fruit ratio should be between 
0.8 and 1.2 m2/kg in order to get good ripeness (Kliewer & 
Dokoozlian, 2005). Basal leaf removal is one of the most 
common practices in canopy management (Percival et al., 
1994; Martínez de Toda, 1995). It is frequently done during 
the ripening season if the canopy has a very high density, 
in an attempt to improve the colour intensity and aroma 
and to decrease the disease impact of pests (Bledsoe et al., 
1988; Tardáguila et al., 2008). In contrast, early leaf removal 
carried out during the flowering season is a very interesting 
technique for yield reduction by decreasing bunch weight, 
berry size and bunch compactness (Tardáguila et al., 2010). 
All these experiments show the high influence of the leaf 
area to fruit ratio on bunch characteristics. It would be very 
interesting to take a look at research concerning delayed 
ripening through the variation of that index. 
Stoll et al. (2009) argue that leaf area reduction through 
severe trimming or leaf removal treatments (0.8 to 1.4 m2/
kg against 1.9 m2/kg in the control) delay berry ripening in 
Riesling for a period of between 15 and 20 days. Intrieri and 
Filippetti (2009) also consider this reduction in leaf area 
as a very interesting technique to delay berry ripening. On 
the other hand, some studies have indicated that reducing 
carbohydrate production during the growing season by 
defoliation decreased the concentrations of overwintering 
carbohydrate reserves, mostly starch, in both the roots and 
trunks (Bennett et al., 2005; Zufferey et al., 2012). Yield in 
the following season, shoot growth and total vine pruning 
weight were also decreased in vines in which carbohydrate 
reserves had been reduced (Bennett et al., 2005). These 
findings suggest that restricted carbohydrate reserve 
accumulation as a consequence of defoliation may have a 
negative impact on subsequent grapevine productivity. 
The main objective of this work was to evaluate leaf area 
reduction by trimming as a growing technique to the reduce 
sugar and pH of the grape, and to establish the consequences 
for grapevine productivity in the next year.
MATERIALS AND METHODS
This study was conducted in 2010 in two commercial 
vineyards of Vitis vinifera cv. ‘Grenache’ and ‘Tempranillo’ 
located in Badarán (42.36 N, -2.81 W, 615 m) and San Vicente 
(42.56 N, -2.75 W, 503 m) respectively. The vineyards were 
in the Rioja appellation, Northern Spain, and had a planting 
density of 2.7 m x 1.2 m. The study was continued in 2011 and 
2012, but only in the ‘Grenache’ vineyard. Both vineyards 
were planted in 1998 as bush vines, without trellises; the 
vine rows had a North–South orientation and the vines were 
pruned to twelve buds per vine on spurs of two buds each. 
The vineyards were managed, without irrigation, to standard 
practices according to the Rioja appellation.
A severe manual trim was performed, cutting the shoot 
on the node located above the last bunch. The treatment was 
carried out after berry set, when the diameter of the berry 
was 3 to 4 mm (close to 1 July every year). Each year, two 
rows were selected and a completely randomised design 
consisting of three replicates of ten vines per treatment 
was made: control (non-trimmed vines) and trimmed vines 
after berry set. The two rows selected were different each 
year. The date of véraison was established in the ‘Grenache’ 
vineyard when the grapes reached 50% colour change, stage 
35 of Eichorn-Lorenz (Coombe, 1995), on six vines of each 
experimental treatment; two vines per replicate. 
To determine the leaf area of the shoot, the Smart 
method based on the disc technique (Smart & Robinson, 
1991) was used. The leaf area of the shoot at harvest time 
was measured on 15 shoots per treatment, removing the 
petioles in order to measure the weight according to the leaf 
surface. Subsequently, that weight was compared with the 
weight of one hundred discs of known surface, and the leaf 
area surface per shoot was obtained. The leaf area surface 
per vine was obtained by multiplying the leaf area surface 
per shoot and the number of shoots per vine.
At harvest time, between 25 and 30 October for the 
three years, the yield per vine was determined on five 
vines of each replicate (15 vines per treatment), as was the 
number of shoots and the number of bunches. Berry weight 
was measured for 200 berries of each replicate. After that, 
each 200-berry sample was crushed manually to obtain the 
must for the chemical analysis. The soluble solids, pH and 
titratable acidity were analysed by OIV standard methods 
(OIV, 2013). Total anthocyanins and phenols were analysed 
by the Iland method (Iland et al., 2004).
The effect of the trim treatment on vine capacity in 
the next year was also studied in the ‘Grenache’ vineyard. 
The vegetative and productive data from the two treatments 
(control and trimmed) performed in 2010 and 2011 were 
examined again in 2011 and 2012 respectively, one year after 
the treatments. 
The reserves were estimated through the “vine capacity”, 
or dry matter production of the vine, without taking into 
account growth of the roots and trunk. It is defined as the 
addition of dry weight of clusters, pruning weight, and 
leaves. The dry weight of the clusters was calculated as 
the product of yield × 0.23 (cluster dry weight/cluster fresh 
weight) (Martínez de Toda, 1985). Pruning dry weight was 
determined as the product of pruning weight × 0.47 (dry 
weight/pruning weight) (Martínez de Toda, 1991). Leaf dry 
weight was calculated as the product of total leaf area per 
vine (m2) × 65 g/m2 (specific foliar weight) (Martínez de 
Toda, 1985). During dormancy, vines were pruned according 
to the standard bush vine system as described before, and the 
pruning weight was determined on five vines per replicate 
(15 vines per treatment). 
Mean comparisons were performed using Student’s 
t-test (p = 0.05). The statistical analysis was performed using 
the statistical package SPSS 15.0 for Windows.
RESULTS 
Leaf area to fruit ratio and yield
As shown in Table 1 , the leaf area to fruit ratio for ‘Grenache’ 
ranges from 0.63 to 1.83 m2/kg in the control to 0.50 to 
0.80 m2/kg in the trim treatment. The decrease in bunch 
weight in the trim treatment was similar to berry weight 
decrease, amounting to about 10%. The results obtained for 
‘Tempranillo’ are shown in Table 2. The leaf area to fruit 
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ratio decreased from 1.88 m2/kg to 0.64 m2/kg. Berry weight 
decrease was in the same proportion as the bunch weight 
decrease; it was reduced by 15% in the trim treatment.
Date of véraison
Table 3 shows significant differences at véraison every year 
between trim treatment and the control. The date of véraison 
was delayed by 18 to 20 days in the trim treatment.
Grape composition
Table 4 shows the results obtained from the grape analyses of 
‘Grenache’ for the three years. Every year, the soluble solids 
decreased by about 3°Brix for the trim treatment, which 
means an average reduction of 12%. The pH was also reduced 
by 0.10 for the trim treatment. No significant differences 
were found in the total acidity. The total anthocyanins were 
reduced by about 10% in the trim treatment. The content of 
total phenols showed no significant differences in any of the 
years.
In ‘Tempranillo’ (Table 2), the decrease in soluble 
solids was around 15% for the trim treatment. The pH also 
was reduced by 0.30. Total acidity was increased. The total 
anthocyanins were reduced by around 10% in the trim 
treatment, but the total phenol content showed no significant 
differences.
Impact on the next year
Table 5 shows the effects of vine trimming in the previous 
season on vegetative parameters, yield and vine capacity of 
‘Grenache’ in the following year. No differences were found 
for any yield parameter, leaf area per vine or vine capacity of 
the trim treatment in the next year.
DISCUSSION
Leaf area to fruit ratio and yield
In 2012 there was less leaf area than in 2010 and 2011 
(Table 1), probably due to lower rainfall in 2012. The yield 
was not affected as much as the leaf area as a consequence 
of the trim treatment; as a result, the leaf area to fruit ratio 
was modified mainly by the leaf area lost. It is expected 
that this important ratio decrease should affect the grape 
ripening process (Kliewer & Dokoozlian, 2005; Stoll et al., 
2009). The reduction of berry and bunch weight (between 
10% in ‘Grenache’ and 15% in ‘Tempranillo’) was similar 
to that found in the experiments carried out by Stoll et al. 
(2009). Just as was concluded by Rombola et al. (2011), 
TABLE 1




Leaf area per vine (m2) 7.49 a 4.05 b
Leaf area/yield (m2 /kg) 1.33 a 0.80 b
Bunch weight (g) 309 a 283 b
Berry weight (g) 1.62 a 1.48 b
2011
Leaf area per vine (m2) 7.96 a 3.35 b
Leaf area/yield (m2/kg) 1.83 a 0.82 b
Bunch weight (g) 271 a 255 b
Berry weight (g) 1.46 a 1.37 b
2012
Leaf area per vine (m2) 3.72 a 2.76 b
Leaf area/yield (m2/kg) 0.63 a 0.50 b
Bunch weight (g) 388 a 364 b
Berry weight (g) 1.57 a 1.46 b
Different letters across a row show significant differences between values according to Student’s t-test (P = 0.05) 
TABLE 2
Yield components and grape composition of control and trimming treatment of ‘Tempranillo’ in the year 2010.
Control Trimming
Leaf area by vine (m2) 8.49 a 2.45 b
Leaf area/yield (m2/kg) 1.88 a 0.64 b
Bunch weight (g) 214 a 181 b
Berry weight (g) 2.18 a 1.86 b
Soluble solids (°Brix) 24.9 a 21.4 b
pH 3.60 a 3.30 b
Total acidity (g tar/L) 5.10 b 5.62 a
Total anthocyanins (mg/g) 1.79 a 1.65 b
Total phenols (AU/g) 4.23 4.21
Different letters across a row show significant differences between values according to Student’s t-test (P = 0.05) 
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the trim treatment appeared to be an attractive approach 
for controlling yield and a possible alternative to expensive 
techniques, such as bunch thinning or early defoliation; the 
latter of which often enhances fruit sugar concentration 
(Tardáguila et al., 2010). 
TABLE 3
Véraison dates for control and trimming treatment of 
‘Grenache’.
Control Trimming
2010 Sep 1st a Sep 19th b
2011 Aug 28th a Sep 15th b
2012 Sep 5th a Sep 24th b 
Different letters across a row show significant differences 
between values according to Student’s t-test (P = 0.05) 
TABLE 4
Grape composition for control and trimming treatment of ‘Grenache’ in the years 2010, 2011 and 2012.
Control Trimming
2010
Soluble solids (°Brix) 24.4 a 21.2 b
pH 3.10 a 3.01 b
Total acidity (g tar/L) 7.27 7.11
Total anthocyanins (mg/g) 0.92 a 0.83 b
Total phenols (AU/g) 2.34 2.46
2011
Soluble solids (°Brix) 25.7 a 23.1 b
pH 3.24 a 3.14 b
Total acidity (g tar/L) 6.00 5.88
Total anthocyanins (mg/g) 0.98 a 0.88 b
Total phenols (AU/g) 1.80 1.78
2012
Soluble solids (°Brix) 24.5 a 21.4 b
pH 3.17 a 3.07 b
Total acidity (g tar/L) 6.70 6.70
Total anthocyanins (mg/g) 1.05 a 0.93 b
Total phenols (AU/g) 1.30 1.15
Different letters across a row show significant differences between values according to Student’s t-test (P = 0.05) 
TABLE 5
Effect of vine trimming in the previous season on vegetative and productive parameters and vine capacity in the years 2011 
and 2012. 
Control Trimmed in the previous season
2011
Leaf area per vine (m2) 7.96 7.72 
Yield per vine (kg) 4.06 4.20 
Bunch number per vine 15.0 15.0 
Bunch weight (g) 271 280 
Berry weight (g) 1.46 1.52 
Vine capacity (kg) 2.11 1.97 
2012
Leaf area per vine (m2) 3.72 3.80 
Yield per vine (kg) 5.82 5.65 
Bunch number per vine 15.5 14.5 
Bunch weight (g) 388 374 
Berry weight (g) 1.57 1.60 
Vine capacity (kg) 1.88 1.72 
Different letters across a row show significant differences between values according to Student’s t-test (P = 0.05) 
Delaying ripening
Ripening in the control vines started at the beginning 
of September (Table 3), when mean temperatures were 
20°C and maximum temperatures were 33°C (for the area 
of Rioja Alta). Nevertheless, in the trim treatment the 
ripening period began during the second half of September, 
when mean temperatures reached 14°C and the maximum 
temperatures were 25°C. The delay in ripening due to the 
practice of trimming meant that ripeness took place later, 
when temperatures were cooler. Therefore the decrease in 
leaf area as a consequence of the trim treatment could be 
useful to obtain a delay in ripening. When berry ripeness 
developed during cooler periods, phenol development and 
aroma synthesis were more adequate (Stoll et al., 2009). 
This hypothesis is very important in relation to warm wine 
regions. 
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This delay of 18-20 days on the veraison date 
compensates for the phenological advancement that has 
occurred in the last thirty years in most of the wine growing 
regions (Duchêne & Schneider, 2005; Jones et al., 2005; 
Stoll et al., 2009).
The results for grape composition (Tables 2 and 4) 
confirm the initial hypothesis about the effects of the trim: 
heavy decrease in leaf area, lower leaf area to fruit ratio, delay 
in the ripening process, and a decrease in soluble solids, pH 
and total anthocyanin level (Kliewer & Dokoozlian, 2005; 
Intrieri & Filippetti, 2009; Stoll et al., 2009). 
Regarding the quality of the wine, it should be noted 
that the methodology used in this study did not allow us 
to determine whether there just was delayed ripening or 
incomplete maturation. To resolve this issue, it would be 
interesting to harvest each treatment at a different time and 
even make wine with some of the grapes to assess the final 
quality of the wines. It also would be interesting to do further 
research on other trimming intensities, as well as other times 
of intervention.
Impact in the next year
Bennett et al. (2005) suggest that the restricted accumulation 
of carbohydrate reserves as a consequence of defoliation may 
have a negative impact on subsequent grapevine productivity 
over two seasons. Zufferey et al. (2012) found that higher 
leaf to fruit ratios resulted in increased carbohydrate reserves, 
which attained maximum values when the leaf to fruit ratio 
approached 2.0 m2/kg.
Our results suggest that the trim treatment maintained 
a leaf area to fruit ratio (0.50 to 0.80 m2/kg; Tables 1 and 2) 
that was high enough not to have a negative effect on vine 
capacity in the next year. These results seem to indicate that, 
if the trim treatment does not reduce the leaf area to fruit 
ratio below 0.50 m2/kg, there will be no negative impact on 
the vine capacity in the next year (Table 5).
CONCLUSIONS
The decrease in leaf area to fruit ratio through a severe trim 
treatment after berry set produced an important delay in 
grape ripening in the ‘Grenache’ and ‘Tempranillo’ varieties. 
The véraison stage was delayed by about 20 days. On the 
same harvesting date, the trim treatment had lower levels of 
soluble solids, lower pH and less total anthocyanin content. 
The trim effect was also reflected in berry weight, leading 
to reduced bunch size and yield. It was also found that, if 
the trim treatment did not reduce the leaf area to fruit ratio 
below 0.50 m2/kg, there was no negative impact on the vine 
capacity in the next year.
It would be very interesting to study other trimming 
intensities, as well as other times of intervention. Further 
research could also be done to determine whether it just 
was delayed ripening, or whether the grapes did in fact 
not mature completely, and to harvest each treatment at a 
different time and even transform grapes into wine to assess 
the final quality of the wines.
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